Crystal structure of the C. perfringens alpha-toxin with the active site closed by a flexible loop region.
Clostridium perfringens biotype A strains are the causative agents of gas-gangrene in man and are also implicated as etiological agents in sudden death syndrome in young domestic livestock. The main virulence factor produced by these strains is a zinc-dependent, phosphatidylcholine-preferring phospholipase C (alpha-toxin). The crystal structure of alpha-toxin, at pH 7.5, with the active site open and therefore accessible to substrate has previously been reported, as has calcium-binding to the C-terminal domain of the enzyme at pH 4.7. Here we focus on conformation changes in the N-terminal domain of alpha-toxin in crystals grown at acidic pH. These changes result in both the obscuring of the toxin active site and the loss of one of three zinc ions from it. Additionally, this "closed" form contains a small alpha helix, not present in the open structure, which hydrogen bonds to both the N and C-terminal domains. In conjunction with the previously reported findings that alpha-toxin can exist in active and inactive forms and that Thr74Ile and Phe69Cys substitutions markedly reduced the haemolytic activity of the enzyme, our work suggests that these loop conformations play a critical role in the activity of the toxin.